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@ Conformal sealing and interplanar encapsulation of electronic device structures* 



FIG. 2 
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® Electronic device packaging structures wherein 
^the active face (6) of an electronic device (4) is 
21 mounted facing a substrate (12). Environmental iso- 
lation is provided by an overcoat polymeric material 



N^44) at least sealing the space (41) between the /2?^MjS3ZjS 



^device and substrate at the periphery of the device. 

Enhanced environmental isolation is provided by a 
2 polymeric material disposed to substantially fill the 
^space (41) between the device and substrate. The 

overcoat polymeric material provides enhanced fa- 
® ttQu« life to f oldsr mound* dl»po««d betw*«n ind 
QL electrically Interconnecting the device and substrate. 
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CONFORMAL SSAUNQ AND INTERPLANAR ENCAPSULATION OF ELECTRONIC DEVICE STRUCTURES 



The present invention relates to electronic as* 

semdiies and. more parttcularty, is concerned with 
improved integrated circuit (iC) chip packaging 
structures which substantiaHy reduce fabrfcatior 
cost wnile providing improved reliabtlity of alec- s 
tncal irterconnections and improved environmental 
isolation of electronic components within the as- 
sembly. 

Electronic devices, such as integrated circuit 
chips, are generally packaged as discrete devices w 
3S one chip per package or as part of a muitichtp 
package, each package can form a building block 
for a computing system, such as a general purpose 
digital data processing system. 

A substantial portion of the cost of manufacture /s 
of a ccmputtng system is in the structures used to 
package the integrated circuit chips, A substantial 
reduction in computer system cost can be 
achieved by reducing the physical dimensions of 
the package and by reducing the quantity and cost 20 
of the materials used to fabricate the package to 
the minimum amount necessary to provide the 
'^?c:i.:r3'1 :*r'iCtural succcrt. 9nvironmentai isolation, 
and assembly reliabtlity. 

A commonly used IC package referred to as a 2s 
module is fabricated from a packaging substrate, 
such as a ceramic, glass-ceramic or polymer which 
contains circuit patterns. One or more 10 chips is 
mounted onto the substrate, for example, in a flip- 
chip configura tion wherein the IC active face is ao 
placed facing the substrate. The ICs are electrically 
connected to the circuit patterns. The IC is covered 
with a cap. for example a cast aluminum or 
punched aluminum cap. The cap is typically her- 
metically sealed to the packaging substrate and the 3$ 
space enclosing the chip is filled with an inert 
atmosphere, such as nitrogen, to isolate the chip 
from elements in the environment which can cause 
corrosion on the chip and substrate and cause 
degradation in the electrical characteristics of the 40 

AC,- ''[■■;■■■' ''r :rr-:l 

Additionally, polymeric materials are used In 
prior art electronic device structures to provide 
environmental isolation/ 

An example of conformal thermoplastic poly- 4S 
meric coating for isolating components wired to a 
printed circuit board is described in US-A-4 3G0 
1 84. A printed circuit board with discrete electrdnic 
components, such as resisters and transistors 
wired thereto, has a conformal insulating coating of so 
less than about 50.8 urn (2 mils) thickness consist- 
ing of a single component of essentially a pure 
urathane formulation and a minor amount of fumed 
colloidal silica powder as thickening agent The 
urethane formulation is deposited as a liquid 



urethane polymer in a solvent based formulation. 
The coating is cured at room temperature' and for 
maximum protection cured for a week. 

'JS-^-*i 228 "23 describes a structure connpris- 
mg a semiconductor chip mounted in a flip-chip 
configuration onto a packaging substrate. Solder 
mounds are disposed between and electrically in- 
terconnect the chip and substrate. The chip active 
surface, the solder mounds and the packaging sub- 
strate surface on which the chip is mounted are 
conformaliy coated with a thermopiastic polymeric 
material formed from a solvent based liquid poly- 
mer. The coating does not seal the space between 
the to and substrate at the chip periphery. Since 
the liquid polymer solution is greater than 90% 
SGivent, after cunng most of the space between the 
chip and substrate is left empty. The conformaliy 
coated thermoplastic polymeric iayer is thin, being 
from about 25,4 am (1 mil) to several angstronis 
thick and does not fill the space der//een the ehtp 
and substrate.. ..v-^^v,;:;/:^ 

Snvironmental isolation is provided to the prior 
art: structures by a ccnforfnai Gcating :r overcoat of 
a thermoplastic poiymeriG material formed from 
solvent based liquid polymers which are cured to 
fcrm the overcoat. The overcoat poiymeriG materi- 
als of the prior art are not disposed to conformaliy 
coat the back of a chip, mounted in a flip-chip 
configuration on a substrate, and the substrate sur- 
face beyond the periphery of the chip to seal the 
space between the chip and substrate at the chip 
periphery. 

While the prior art does not discuss the ionic 
content of the polymeric materials used to form the 
prior art structures, it is generally known that poly- 
meric materials used for electronic device encap- 
sulation should not have high Ionic content. Mobile 
ions can degrade electronic device electrical char- 
acteristics. The structures of the present invention 
include polymeric materials having high ionic pu- 
rity, containing less than about 50 ppm ionic con- 
taminants. 

Polymer coatings are known to swell with con- 
stituents in the surrounding environment such as 
water vapor, arid to be permeable to ionic con- 
taminants. Therefore, tfie thin conformal thermo- 
plastic Jayers of. the US patents above will provide 
only a limited amount of environmental isolation. 
Enhanced environmental isolation is provided by 
improved packaging structures of the present in- 
vention wherein 10 chips mounted in a flip-chip 
configuration onto packaging substrates are over- 
coated with a polymeric material formed frorh a 
substantially solventless liquid polymetr, to seal the 
space between the tO and substrate at the 10 



periphery. The structures of the present invention 
have substantially improved environmental isolation 
characteristics compared to the conformal coatings 
used in the prtor art structures which are formed 
from a solvent based liquid polymer. 

!t is therefore an object of this invention to 
provide improved IC packages wherein IG chips, 
which are mounted in a flip-chip configuration onto 
oac:<aging substrates, are isolated from the external 
environment by a polymeric materiai fornned from a 
scsventfess Nquid polymer which overcoats the chip 
ana sucsirate sealing the space between the chip 
and substrate, at the periphery of the chip, prevent- 
.ng corrosive and harmful ccnstituents of :he envi- 
-cnrnent frcm contacting the sensitive iC and pack- 
age suostrate surfaces. 

Ennanced -environmental isoiation can be pro- 
vided by depositing a substantially void-free poiy- 
nrer'c material, formed from a soiventless iiduid 
pciymer, to suostantially fiii the space bet//een the 
chip and substrate. 

;t iS Jherefcre another object of ihis invention to 
provide an improved !G package with an iO in a 
f!ip-ch!D configuration on a substrate, containing an 
overcoat polymeric materiai and a poiymeric ma- 
teriai formed from a substantially soiventless liquid 
coiymer substantially filling the space bet'waen the 
cnip and substrate. 

Usually in an assembly having an IG mounted 
in a flip-chip configuration on a substrate, the iC 
and substrate have different thermal coefficients of 
expansion (TG£). Normally the device is formed 
from monocrystalline silicon with a coefficient of 
expansion of 2.5 X 10"* in/in/ ' c and the substrate 
is form ed of a ceramic material, for example, alu- 
mina with a coefficient of expansion of 5.S X 
10"^ K (in/in/ * C). In operation, the IC device gen- 
erates heat resulting in temperature fluctuations in 
both the devices and the supporting substrate 
since the heat is conducted through the solder 
bonds. The devices and the substrate thus expand 
and contract in different amounts with temperature 
fluctuations, due to the different coefficients of ex- 
pansion. This imposes stresses cn the electrical 
interconnection between contact pads on the IG 
active race ana pads on the substrate. 

In a' typical module having an IG chip mounted 
in a flip-chip configuration pn a sucjstrate. the chip 
I/O are electricaiiy connected to conducting pads 
on the substrate surface typically by solder 
mounds, which are refenred to as C4 connectors, 
; Quite surprisingly it has been found that the 
structures of the present invention besides provid- 
ing environmental isolation also enhance the fa- 
tigue life of a 04 bonded between an IC chip and a 
substrate pad. It is, therefore, a further object of the 
present invention to provide flip<hip sissemblies 
wherein the IC and substrate are electrically inter- 



connected by solder mounds and wherein the IC is 
overcoated with a polymeric material to enhance 
the solder mound fatigue life. 

The 804 644 shows an assembly hav- 

5 ing an IC chip electrically mounted in a flip-chip 
configuration on a substrate. An array of solder 
connections is disposed between the chip'^nd sub- 
strate. By filling the space between the chip and 
substrate with a polymeric matenal, the 04 fatigue 

to life is enhanced. The C4 fatigue life is further 
enhanced by confining the location of the poly- 
meric material to an outer row of solder connec- 
tions leaving the center inner solder connections 
and the adjacent top and bottom: surfaces free of 

?5 the poiymeric material. The poiymeric material dis- 
posed between the chip and substrate is deposited 
as a solvent based polymerizable resin containing 
greater than 90% solvent. After the liquid polymer 
is cured, voids- are generally left in the cured 

20 polymeric material since the liquid polymer solution 
is mostly solvent. The cured polymer is permeable 
to water vapor in the surrounding environment. 
Therefore, voids in the cured material and the large 
central space surrounding the inner solder connec- 
ts tions can come into equilibrium with the surround- 
ing ^nvlronrrient arid accumulate or pool, water 
therein, which can result in corrosion and device 
degradation. 

Therefore, the structure of US-A-4 604 644 

30 typicaiiy would be used in conjunction with a her- 
metically sealed metal cap to isolate the chip from 
constituents, such as water vapor, in the external 
environment. 

The polymeric materials - overcoating an elec- 

J5 tfonic device on a substrate or disposed between 
an electronic device and a substrate - used in the 
prior art are formed from solvent based liquid poiy* 
mers which are generally heated to drive off the 
solvent to cure the liquid poiymer. The removed 

40 solvent leaves voids in the cured polymer. The 
structures of the present invention contain poly- 
meric materials formed from soiventless liquid 
polymers which, after curing, form a polymeric 
materiai which is substantially void-free. Poiymeric 

45 materials swell with corrosive constituents of the 
environment such as water vapor. Voids provide 
locations in which thesd corrosive constituents can 
pool. Additionally, the poiymeric materials used in 
the structures of the present Invention have high 

so crosslink density. The higher the crosslink density 
of the materiai, the greater is the environmental 
isolation provided, since less constituents are trans- 
ported through the material from the environment 
Quite surprisingly, it has been found that if the 

55 overcoat polymeric materials used In the structures 
of the present invention are placed over the IC chip 
sealing the periphery of the space between the 
chip and the substrate and if the undercoat materi- 
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als used in the structure of the present invention 
are deposited betytreen the chip and substrate a 

degree of reliability is achieved equivalent to that of 
a hermetically sealed capped module. The struC' 
ture of the present invention combining the under- 
coat anc overcoat polymeric materials substantially 
reduces 'he package manufacturing cost and the 
physical ^iimensions of the assembly. These ad- 
vantages provide a substantial improvement ir ^ 
manufacture of a general purpose digital data cio- 
cessmg system. 

It s. therefore, another object of the present 
invention ;o provide an improved low cost inte- 
grated c-rcuit package having an !C chip mounted 
onto a suDStrate and having environmental isolation 
prooerties and reliability substantially equivalent to 
a hermetically sealed module wherein a substan- 
tially vcia-free polymeric material, formed from a 
. substantially solvent-free liquid polymer, overcoats 
the chip and that part of the substrate which sur- 
rcunds the periphery of the chip and wherem a 
substantially void-free pclymertc material, formed 
from a substantially solvent-free liquid polymer, is 
disposed between the chip and substrate. 
^ The invention as claimed is intended to rem- 
edy the aDove-mentioned drawbacks. 

The invention disclosed is an improved elec- 
tronic device packaging structures wherein an elec- 
tronic device is mounted in a flip-chip configuration 
on a substrate. These structures include polymeric 
materials to isolate the electrically active elements 
of the structure from components in the external 
environment and to enhance the reliability of the- 
structure. The polymedc materials used to form 
this structure are substantially void-free and are 
formed from a substantially solvent-free liquid poly- 
mer. 

A structure of the present invention provides an 
improved I C package, wherein an electronic device 
which is mounted in a flip-chip configuration onto a 
packaging substrate is isolated from the external 
environment by a polymeric material which at least 
seals the space between the device and the sub- 
strate at the periphery of the device, theretsy isolat- 
ing the space between IC and substrate from corro- 
sive and degrative constituents of the environment. 

In a more particular aspect of the structures of 
the present inventfont enhanced environmental iso- 
lation is provided to the structures by substantially 
filling the space between the IC and substrate with 
a substantialfy vbfd-free pofymerfc material of high 
crosslink density and high ionic purity. 

In another more particular aspect of the struc- 
ture of the present invention, an electronic device 
is mourned in a fiip^hlp configuration on a sub- 
strate with solder mounds electrically interconnec- 
ting the device and substrate/The fatigue life of the 
solder mounds are enhanced by overcoating the 



chip and substrate with a polymeric material at 
least sealing the space between the device and 

substrate. 

These and other objects, features and advan- 
s tages will be apparent from the following more 
particular description of the preferred embodiments 
with reference to the accompanying drawings^ n 
which: 

FIG. 1 shows a prior art module havi'^g an IC 
ro chip mounted in a flip-chip configuration on a sub- 
strate wherein the IC is covered with a cap which is 
sealed to the substrate: 

FIG. 2 shows an !G chip mounted in a flip- 
chip configuration on a substrate wherein a poty- 
15 menc material conformaily coats the back of the IG 
and the substrate surface at the IC periphery seal- 
ing the space between the IG and substrate at the 
periphery of the IC; 

RG. 3 shows the structure of FIG. 2 wherein 
20 the polymeric material is confined to the IC periph- 
ery. ■ ; 

FIG. 1 shows a typical prior art module formed 
from a integrated circuit (IC) chip 4 and a substrate 

25 1 2. The IC has a back face 14 and an active face 3 
which has a plurality of input/output (I/O) terminals 
3 extending to at least the active face. The 1/0 
terminals 3 are electrically connected to conductor 
patterns; which are not shown in FIG. 1. within or 

30 on the surface of the IC chip. Conducting contact 
pads TO are formed on the surface 8 in electrical 
connection with the I/O terminals 3. Substrate 12 is 
typically made of a CQramic, glass-ceramic, a poly- 
mer arid the like. Substrate 12 typically has 

35 it a multilayer conductor pattern which is schemati- 
caily represented by lines 18, The conductor pat- 
tern 1 8 is electrically connected to terminals 16 on 
the surface 20 of the substrate 12. The conductor 
patterns 18 are electrically connected to terminals 

40 32 on surface 24 of substrate 12, Conductor pat- 
terns in general can electrically connect terminals 
on surfaces 20 and 24 and can electrically connect 
terminals on surface 20 to terminals on surface 24. 
Contact pads 26 are formed on surface 20 of 

45 substrate 12 In electrical connection with terminals 
16. An electrical interconnection means 28 is dis- 
posed between contact pad 10 on 10 chip 4 and 
contact pad 26 on substrate 12. 

Electrical interconnection means 23 can be a 

50 solder mound. In which case both contact pads 10 
and 26 have solder wettable surfaces such as Au* 
Ag and Ni. These metals are exemplary only and 
not limiting. 8y commonly known methods a solder 
mound 28 can be solder bonded between contact 

55 pads 10 and 26 thereby electrically interconnecting 
IC 4 to substrate 1 2. US-A-3 401 1 28 and 3 429 
040, describe In detail the C4 technique of face 
down bonding of an IC to a substrate. Differential 
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axpansion cetween the IC and substrate imposes 
stress on the relatively rigid solder mound which 
can cause fatigue failure of the nnound. 

or pressed alunninum sheet metal, is placed over 
ihe chip 4. The cap encloses the chip in a space 

space 40 .3 iypicaiiy /iliea with an inert gas such as 
nitrogen. The cap 36 is typically hermetically seal- 
ed :o :ne SuGStrate at 38. This assembly isolates 
ir-.e cn.ip 'rem the environment thereby preventing 
ccrrosicn and degradation of conductors and elec- 
tronic elements within and on the surface chip 4 
ana substrate 12. 

Contacis pads 22 are formed on face 24 or 
5LiOs:rate 12 .n eiectrical connection with terminals 
32. Prns 30 are eiectricaliy connected to contact 
cacs 32 and oroject outwardly from face 24 of 
suostrate 12 in a direction substantially perpendicu- 
.ar to face 24. Pins 3Q provide a means for elec- 
trical connection with module 2. The pins 30 are 
lypicatly inserted into a socket on a printed circuit 
Doard or surface mounted by solderihg the pin 
ends 34 to ccnducting pads on the board. 

fiG. I snows the chip 4, electrically intercon- 
nected to substrate 12 by solder rnounds 2i3.; This 
iS exemplary only and not limiting. Other means 
such as thermocompresston bonds can be used to 
eiectncaily interconnect chip and substrate. 

The IC chip surface, and the pael<aging sub- 
strate surface which face each other have conduc- 
tor patterns either exposed or covered by a thin 
dielectric layer which have via holes through which 
the conductor patterns extend to electricaily con- 
nect with contact pads at the chip or pacKaging 
s u bstrate surf ac e . Th e thin p assi v ating layer o n 
these surfaces can have pinholes and micrccracks 
^;aus0d o^iy ^or exampie. groQQ^^\nq ^iQps which 
expose these surfaces to wide temperature vari- 
ations and chemical treatments. Also, at the via 
note there may be spaces between the conductor 
material filling the via hole and the edge of the via 
hole exposing the conductors within the chip or 
packaging substrate. Conductors within or on the 
c\\\^ or packaging substrate are typically formed 
from materials/ e.g. copper, aiuminum and alloys 
thereof and other metais, which corrode on expo* 
sure . to constituents of the ambient atmosphere 
such as water vapor and oxygen. Corrosion can 
increase the resistivity of a conducting line or result 
in an electrical open in the line. Furthermore, corro- 
sion at the eiectrtcai joint of the solder mound and 
contact and can cause high contact resistance be- 
tween the solder mound and contact pad or an 
electrical open at this joint. 

Furthermore/during the fabrication of the as- 
sembly of the chip on a packaging substrate the 
assembly can be exposed to chemicals containing 



lonic contaminants, such as tons of sodium, potas- 
sium, chlorine, fluorine and other halide ions, tons 
can result in degraded device characteristics and 

rciitjctive paths between otherwise electrically 
5 isolated conductors. 

FIG. 2 shows an ennbodiment of the present V 

pv^opfion ^\ll nijmber?5 which are common* i^etween i 
rIG. 1 and FIG. 2 represent the same things. F!Q, \ 
2 differs from FIG. 1 only in that cap 36 of FIG. 1 is 1 

.'0 replaced by polymericoverroatm^ 

surprisingly, it has been found thar"the~^oIymeric 
materials used to practice this invention can m ■ 
many applications replace the cap of FIG. l. 

In the ^t^\Q<x^<i embodiment as shown m FiG, 

'5 2 the overcoat polymeric material 44 is deposited 
to conformally coat the back face 14 of chip 4 and. 
the top surface 20 of substrate 1 2 beyond the 
peripheral edge 46 of chip 4. The matenal 44 
covers the side 48 of chip 4 ' sealing the space 

2Q between chip 4 and substrate 12 at the periphery 
of the chip 4. Although in the preferred embodi^ 
ment the overcoat polymeric material totally covers 1 
the back of chip 4 and the surface 20 of substrate 
12 beyond the peripheral edge 46 of chip 4, the ] 

25 polymenc maten al _can be iimited to a region suffi- j 
cient to seal the space between chio 4 and sub- 1 
strate 12 at the chip periphery as shown in FIG. 3 . 
All numbers which are common between FIG. 2 
and FiG. 3 represent the same thing. To sear the 

JO space at the chip periphery, the polymenc overcoat / 
preferably has a thickness greater than about the / 
chip-tq-substrate separation at the periphery of the V 

■\ ■ chip. ■■ ■ ■ \' 

■ . ■■ " ■ ■ ■ ' 

To achieve conform al coating as shown in j 

jS r!G.2 a liquid polymeric material is deposited at | 
room temperature on the back 14 of chip 4 and on j 
the substrate surface 20. The liquid polymer must 
wet the back surface 14 of chip 4 and the surface , 
20 of substrate 12 and be of sufficiently low viscos- I 

40 ity to readily flow onto these surfaces. Commonly 
use d trans fer mo lding poly mers, such as those 
used to encapsulate DIPS (0ual Inline Package) at 
high temperatures and pressures to form a molded / 
encapsuiant. are unsuitable since they will not 

45 readily flow onto the chip and substrate to confor- 
maliy coat the chip back and substrate surface. In 
contradistinct'on; the liquid polymers used^ 
present invention readily flow to conformaily coat 
the chip and substrate* Thereafter, the assembly is 

50 heated to cure and crossiink the liquid poi^^ 

form the final overcoat material 44 of RG. 2. / 

The liquid overcoat poiymaric materials useful 
in yie practice of this Invention more prefeirabiy 
also have the following characteriistics: 1 ) have less 

S6 than about 50 ppm ionic contaminants such as CI. / 
Fl. Na, K and other halide ions; 2) readily wet the 1 

■ i 

surfaces to be conformaily coated; 3) when cured / 
have excellent resistance to penetration by mois- 
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ture and chemicals which is provided by high cros- 
slink density;^4) wi]fla..a^ the coated 

surfaces: and 5) have high glass transition tem- 
perature. 

The preferred liquid pciymeric materials useful 
as cverccat polymerc "materials to fibricito tho 
structures of the present invention are formed from 
substantially solvent-free liquid polymers which, 
after curing, form a substantially void-free polymer 
.vhtch acheres to the coated surfaces of the struc- 
tures, .. 

The overcoat matefials more preferably also 
have a TC5 sufficiently matched to the device and 
substrate to substantiatly avoid cra cking of the 
overcoat material from thermal cycling of the struc- 
ture and have sufficiently high flexural strength to 
avoid cracking from any residual TCE mismatch 
between the substrate, device and overcoat ma- 
terial.- 

An example of an overcoat material useful to 
practice the present in vention is £54322 , marketed 
by Dexter Hysol which Is a two-component, black, 
liquid epoxy. anhyd ride system . It is a filled system* 
exhibiting a low thermal coefficient of expansion 
(TCE of 21-28 X 10-* k (in/in/* C) at 40-140* C and 
90-VGO < 10-^ (in/in/ * CV at 190-220* 0). The low 
therrr^ai expansion, coupled with relatively high 
flexural strength at^out 1034 bar (15,000 psi) act in 
uniscn to enhance the thermal shock properties of 
the gncapsuiant Hydrolyzable chlorine content is 
;ei3S than 20 ppm, and ionic levels of potassium, 
iron . and sodium are below 15 ppm, 1 5 ppm, and 7 
ppm respectively (Parr Bomb extraction* Hygol). 
ES4322 is compounded with a recommended com- 
ponent A S ratio of 1/1. At that stoichiometric 
blend, me resin viscosity is 500 tp 700 Pa-s (50,000 
to 7Q.C0O cos). The corr esponding gel time at 
120'C iS 11 to 15 minutes. Six hours of postcure 
at 1 50 * 0 is the prescribed cure schedule. 

This material was chosen based on its ex- 
celtent reliability stress performance. This matertai 
successfully completed 3000 cycles of thermal cy- 
cling, 1400 hours TM and 1500 hours of T/HA/, Its 
high ionic purity , and good mofsture/ solve nt, and 
thermal shock resistance made it an excellent can- 
didate as a protective overcoat to a ceramic mod- 
ule. ■ ■■■ 

A key feature of this structure Is the overcoat 
e.g., Hysol 4322, that is applied over the face of 
1 the device. In the preferred embodiment of the 
i present invention, this coats the back of the ex- 
1 posed chip and ext^fids down over the chip edges 
1 onto the substrate. This mate^ provides envi- 
1 ronmantal and mechanical protectfon to ttie device. 
* Ourim ciirp», it is believed that a Hvsol 4322 encao- 
\sulation contracts and p4aces the chip aand dtip 
Interconnections, e.g., sofder mouwls. In a state of 
compressive stress* It Is believed that this substan> 
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tially increases the strength of these interconnect'' 
tlons and Improves device reliability. 

Stresses on the chip fnterconnection dunna 
operation are directly proportional to (1) the mag-\ 
nitude of the temperature fluctuations. (2) the dis- 
;anco cf an individual bend from the naukal or 
central point of the array of solder mound joints, 
and (3) the difference in the coefficients of axpan^ 
ston of the material of the semiconductor device 
and the substrate, and inversely proportionai to the 
height of the soider bond, that is the spacing 
between the device and the support substrate. The 
seriousness of the situation is further compounded 
by the fact that as the solder terminals become 
smaller in diameter in order to acGommodate the 
need for greater density, the overall solder mound 
height decreases. 

Hysoi is an epoxy based material . Any epox y 
based material having the charactertSticFpreviously 
described is useful to fabricate the structures of the 
present invention. 

The liquid epoxy/anhydride based materials 
useful to fabricate the structures of the present 
1 n ven tio n p ref erably are ! iqui d at room te m peratu re 
or liquid at temperatures less than about 100* C 
which is less than a temperature which will cause 
degradation of elements either within the iC chip or 
packaging substrate such as melting of solder 
mounds which electrically interconnect the chip to 
the substrate. 

The epoxy/anhydride materials used to form 
the overcoat material in the structures of the 
present invention must be sufficiently filled so that 
the temperature coefficient of expansion (TCE) of 
the cured material Is sufficiently matched to the IG 
chip and substrate to prevent cracking of the cured 
material. 

in order to adjust the thermal coefficient of 
expansion (TCE) of a polymeric material to better 
match the TCE of an iC chip or substrate on which 
the polymeric material is deppsited. a. filler is ad- 
ded to the polymefTC rr^aer^ ratevs are tme par- 
Sctes o# iTTaferfaf such as -stifton dioxide (SiOa), 
aluminum oxide (AhOul tantalum pentoxide 
(TazOs), silicon carbide {S;C). boron car^ 
tungsten carbide (WC) silicon nitride (SiaN*) and 
lithium aluminum silicate compounds. 

The epoxy-based liquid overcoat materials use- 
ful to Cabrfcate the stnictures of the present inven- 
^on are lOD-pefcent-sollds type, that is they are 
formulated mmanst ^olvecte « volatile ingre- 
dients. Therefore, after the llqt«d as cured the thick- 
ness of the resulting polymeric maten'al is approxi- 
mately the same thickness as the deposited 'iquid 
material and the cured polymeric material is sub- 
stantially free of voids which can permit the exter* 
nal atmosphere to enter into the spac^> between the 
chip and substrate. 
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For sfuciures fabncated according to the 
present invention, including a silicon chip mounted 
onto an alumina substrate with an epoxy/anhydride 
overcoat materiai, the overcoat preferably contains 
from about SO weight percent to about 75 weight 
percent of filler to sufficiently match, the TCE of the 
chip and substrate to avoid cracking of the over- 
coat material. Silicon has a TCE of about 2.5 X 
10~^'K and alumina has a TCE of about 5.3 X 
10"^ K. 

Even though the TCE of the overcoat matenai 
can be adjusted by the addition of a filler, there 
Ttay be a residual TCE difference between the IC. 
substrate and overcoat matenai. This can occur in 
:he case of an IC mounted on a substrate wherein 
the IC ana substrate have a sufficiently different 
TCE so that during thermai cycling there is a 
differential expansion between the IC and sub- 
strate. This situation can occur for a silicon chip 
rrounted onto an alumina substrate. The overcQat 
material IS preferably sufficiently flexible to avoid 
cracking as a result of this residual. TCE mismatcn. 
The flexural strength of poiymenc matenais can be 
adjusted by the addition of fiexibilizers. The foilow- 
ing is a list of nnodifiers which can be added to 
3pcxy resins to flexibilize the resins. 

1) alkyl-substituted anhydrides 
dodecyisuccinic anhydride 

azelaic anhydride 

2) polyether diols 
polypropylene glycol 
poiytetramethylene ether glycol 

3) aliphatic epoxies • 
butyl giycidyl ether 
epoxidized olefins 

This list is exemplary only and not limiting. 
Where needed, flexibiiizers can be added to non- 
epoxy based resins used to practice the present 
invention. 

The filled epoxy/anhydride materials are ap- 
plied on the back surface 1 4 of chip 4 and on the 
surface 20 of substrate 1 2 of the structure of FIG. 
2. The epoxy/anhydride material quite surprisingly 
has sufficiently low viscosity to conform ally coat 
the chip surface 14 and the substrate surface 20 
but has sufficiently high surface tension to prevent 
the liquid polymeric material from flowing down the 
side 52 of the substrate 1 2. This avoids the need 
for providing a dam around the periphery 52 of the 
substrate to prevent the liquid polymeric material 
from flowing down the side 52 of substrate 12. 

Since all polymeric materials are penmeable to 
some degree to water vapor or chemicals in the 
environment the constituents of the atmosphere, 
external to ^h^ ^trticttir*^ 45 ? wifi >?woii .'-^r 

permeate the polymeric material 44. The polymeric 
materials used to fabricate the structures of Uie 



present invention have high crosslink density; 
therefore, they minimally swell with water vapor or 
chemicals from the external environment. However, 
for VLSI (very large scale Integra tion) circuit ap- 

5 plications both the IC chip and the packaging sub- 
strate have fine conducting patterns and sma/1 con- 
tact pads at or near surface 6 of chip i-and the 
surface 20 of substrate 12. Furthermore, in such 
applications the fine conducting lines are generally 

JO covered with a thin dielectrical material. As the 
dielectric thickness decreases, there is a higher 
likelihood of cracks or pin holes therein. Therefore, 
for VLSI applications there is an enhanced sensitiv- 
ity to corrosion. As conducting sine dimensions 

1$ decrease, corrosion is more fikely to result in in- 
creased line resistivity or line opens. Corrosion of a 
contact pad is likely to result in increased contact 
resistance. Furthermore, in VLSI applications the 
integrated circuits in the iC chip 4 may operate at 

?o I c we r c u r re n ts which increases th ei r s e n s i ti vi ty to 
ionic contamination. In the structures of FIQ. i and 
FIQ, 2. there is an empty space between chip :4 
and substrate t2. Over a period of time this en- 
closed space will tend to come into equrttbrium 

25 with the external environment since the overcoat 
■ fnat^rial'-is- permeable ■Id' water* vSpdr' and chen^^ ■ 
agents. The higher the crosslink density materials 
used for overcoat material 44. the longer is the 
time to come into equidbrium. 

30 Therefore, to further enhance the envirGnrneh- 

tal isolation of the structures shown in and de- 
scribed with reference to FIG- 2 and FiG 3, an 
y ndercoat or interplanar polymeric material is de- 
posited to substantfally fill the space between chip 

35 4 and substrate 12. To provide enhanced isolation, 
: the space 4i of the structure 42 of FiG. 2 is frlied 
with an undercoat or interplanar materiai. To pro- 
vide maximal isolation the space is filled with a 
materiai which i s substantiallv free of voids. There- 

40 fore, the interplanar material must adhere to face 6 
of IC chip 4 and to face 20 of substrate 1 2. 

To achieve a substantially void free materiai, it 
is the preferred embodiment of the present inven- 
tion to mount IC chip 4 onto substrate _ 12 . There-* 

45 after a liquid polymer is allowed, to flow bv capiilary 
• ^''acHon into sp ace 41 of FIQ. 2 between ch ip 4 and 
substrate 12. Since the chip to substrate spacing is 
typically of the order of 25,4 to 127 urn (1 to 5 
mils), the liquid polymer must be of sufficiently low 

50 viscosity to flow within this narrow spa ce. 

xne preferred liquid polymeric materials useful 
as interpfahar materials to fabricate the structures 
of this invention are formed from substantially 
solvent-free liquid polymers which readily flow into 

55 the Space between the IC and substrate and which 

substantially filling the space between the IQ and 
substrate. 
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The liquid polymeric mateiiald useful as inter- 
planar mateHals to fabricate the structures of this 

invention more preferably also have the fotlowing 
characteristics: 1) are unfilled or filled with particles 

:f Ttesh Size 'ess than the minimum of ^he $cac9 
between the chip and substrate or the minimum 
space between the nneans electricatly interconnec* 
!ing chip and substrate: 2) having (ess than about 
50 ppm of ionic contaminants, such as CI. R, Na 
and K: 3) h ave good adhesion to the wetted sur- 
faces after curing; and 4) have low stress after 
curing, 

it .s '^lesirabie mat the TCE of the interplanar 
nnatenai be sufficiently matched to the chip and 
substrate to avoid stress on the means, e.g.. solder 
mcunds. electrically interconnecting the chip and 
substrate and in order to avoid separation of the 
materiaf fronrt the chip and substrate surfacas. In 
order to adjust the TCE. a filler can be added to 
the interptanar polymeric materiai. It has been 
found that unfilled undercoat compositions are pref* 
erable as interptanar materials for the structures of 
the present invention. Typically, commonly avail- 
able filler particle sizes are as large as 25,4 to 50,8 
am (T to 2 mils). Since the space between a chip 
and sucstrate is of the order of a few miis^ filters of 
this Size cannot flow within such a narrow space 
and would prevent th^ undercoat materiai from 
Mowing within the space. To adjust the TCS of the 
undercoat materiai requires that fillers having maxi- 
mum particle size less than about the spacing 
between the chip and substrate and less than the 
spacing between the means used to electrically 
:interconneGtjthe chip and sub^a^te* ■ 

Examples of materials useful as interplanar ma- 
terials in the structures of the present invention are 
described in co*pending United States patent ap- 
plication serial nu mber 096.690 file d September 15, 
1987. This application describes compositions re- 
ferred to herein as cy cloaliphatic epoxide composi- 
tions which contain a cycloaiiphatic epoxide; an 
anhydride of an organic dicarboxytic acid; and an 
all<ylene oxide adduct of an imidazole. The anhy- 
dride of the organic carbbxylic acid is present in 
amount sufficient to harden the cycloaliphatic epox- 
ide. The aikyiene oxide adduct of the imidazole is 
present in an amount sufficient to promote the 
hardening of the cycioailphatic epoxide. The ma- 
terials were forced under pressure in a reaction 
injection molding process within various spaces 
between closely spaced beam leads. Quite surpris- 
ingly, it has been found that these materials can 
f iow within various spaces bv caoiifarv action wi th- 
out the requirement of press ure. 

In some applications it may be desirable to 
approperiately adjust the properties of the solvent- 
free liquid overcoat polymeric material so that it will 
conformally coat the back of the elctronic device. 



flow down the edge of the device onto the sub- 
strate surface and into the space between the 

electronic device and substrate. This will result in a 
single deposition of a substantially solvent-free iiq- 

5 '-'Ad polymer which after cunrg forms, a substan- 
tially void-free materia! conformally coating- the 
back of the device, sealing the space between the 
device and substrate at the periphery of the device, 
and substantially filling the space between the de- 

iQ vice and substrate. 



cXAMPLES; 

■ 5 A. Assemblies formed from a ceramic pack- 

aging substrate with an iC chip electrfcaily moun- 
ted in a flip-chip configuration thereon, were 
cl eaned in an ultrasonic bath with isopropyl alcohol, 
' rinsed in IP A and dried with a stream of clean 

20 nitrogen. 

To the assemblies a'cyclbaii^hatiG epoxide under- 
coat was applled^ aloriq ^the edge of each chlpV ith 
a bg\6etJi& ^d, sSinresS^'teer nee^ ^ was 
applied until a^ positive^ fil let was obser/e d under 

25 the chip edge opposite ap pirca tion. These modules 
were then cured in a pre heated oven for 20 
mtn/aOCfQi iQwed by_ 80 min/l6QC and ailp wed :o 
cooTslowly to room tern perature. Microscopic ex- 
amination showed no cracks in the fiKet of apoxy 

30 that had flowed along the ceramic around the chip 
edge. , . 

Before the assemblies were encapsulated with the 
overcoat of Hysol £84322 each assembly was 
dusted with nitrogen and placed on a warm hot- . 

as plate to prehe at. A thickness of 0,60 > 0.003 ml 
or£S4322 was dispensed evenly over the surface 
of the assembly (0.60 mi was the volume cal- 
culated to give an average surface coverage of 
0.030"). The assembli es were then cured J rv^ 

40 ^^convection oven for 20 mjrVI 2QG. followed by 6 
hr/l50C and allowed to cool slowly to room tem- 
perature. Again, visual inspection showed no de- 
fects. 

The foilowing are additional examples of curing 
45 ramps for liquid polymer undercoats and overcoats. 

8. FOR UNDERGQAT ENCAPSULATION: 

50 1 . After preheating . the assembly of example 

AjtojQ -70 C. a cvcio aiiohatfc eooxv composition 
is applied under the chip(a iiintil a positive fillet of 
materiai is observed surrounding the chip. The 
material is then cured for S minutes at 140VC , 

55 followed by 185* Cfor 2 n our3> 

2. Af ter preheating the assembl y of example 
A to 8Q-10Q^~C7 Sylgard (a silicone gel man ufac- 
tured by Dow Coming) is applied under the chip<s) 
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until a positive fillet of material is observed sur- 
rounding the chip. The material is then cured for 6 

minutes at JL40* 6^ 

3. After preheating the assembly of e)<ample 
V to ad M 00 ' C, Hvsoi 455* 1 (M an unfilled, flex* 

btiized tapoxy manufactured by Cextor Hysol) iS 
lODtied Linder the chiD(s) until a oositive fiilet of 
material is observed surrounding the chip. The 
:natertai is then cured for 6 hours at 1 50 * C. ■ 
Values for additional mater iais are as foUows: 

4. Hysol 405-32 (a unfilied epoxy manufac- 
tured by Dexter Hysol): 

preheat package ao-1 00' C 
cure: 6 hours at 150* C 

5- ^ini^££L_5^^ {an accitien cured Siiicon 
rubber manufactured by Emerscn 3i Guming a 
Grace Company): 
oreheat package 30-100 Vc 

cure: 3 hours at 150 C 

6. Oow Corning R-3102 i'an adaiticn cured 

silicon rubber): 

preheat package 80-100' C 

cure: 3 hours at 150 C 



G; CON FORMAL SEALING QVERGGATB: 



1 ■ Ajter^ oreheatinq the assemciy of examoie 
A or example 3 to 30-100* C. Hysol FP4322 (a 
highly filled epoxy manufactured by Oexter Hysol) 
is dispensed over the substrate and back of the 
chip at a thickness of approximately 762 -1143 am 
{30-45 mil) a nd cured for 20 minu tes at 1 20 ' 0, 
followed b\ L5 hours at 150 ' C . As an aiternative, 6 
hours at 1 50 C used alone may be sufficient. 
^""^^THys^^ ther- 
m al cohd u cti v i ty poiy mer m anuf actured by D ext er 
Hysol): 

cure: same as example 1 

3. Hysol FP4401 (highly filled, low CTE ep- 
oxy manufactured by Dexter Hysol): 

cure: same as example 1 

4. Furane 7704-5 (highly filled epoxy manu- 
factured by Furane Products): 

cure: 1 hour at 165*0 or alternatively, 2 hours at 
150*0 

An experimental comparison has been con- 
ducted between a standard type module as shown 
in FIQ, 1 and an exerimental module having a 
structure as shown in FIG. 3. The experimentaJ 
modules have a Hysol 4322 overcoat and a 
cycloaliphatic epoxide composition as an inter- 
planar material as described in axan^ple A. The 
standard modules which form the control group 
_had Anr.cco AN10 (Registered Trademark of Am,ccc 
^nc.) dispensed under the chips. These substrates 
were capped with a greased thermal cap. and then 



/4 

hermetically sealed to the ceramic substrate. AMO 
is a solvent based amtde-imlde polymer 

A primary packaging concsm for the two 
groups of hardware was the effect of the overcoat 

s sealing material on the modules* overall solder 
mound thermal fatigue performance. Time-zero 
electrtcal readings were taken "oh " the Tiardware 
prtor to any thermal stressing. 

The two groups of modules, were thermally 

JO shocked one cycle per hour from -40 to + 60 ' G 
for a total of ten cycles. The modules were then 
thermally cycled three times per hour between tO 
and 100 * C. Three-point probe readings were taken 
at 500 cycle increments in order to monitor for any 

?5 Changes in C-4 interconnection electrical resistance 
which would classify them as failures. When 50 
percent of the total ceils had at least one 04 failure 
per module, the testing was terminated. Any inter- 
connection joint having a 200 miliiohm or greater 

20 increase over its initial (time-zero) resistance read- 
ing was considered a failure. Taking each cell's 
N50 and accompanying sigma value the cumulative 
percent solder fatigue failure rate was calculated. 
!n this experiment the experimental group per- 

25 formed, with respect to NSO, 67 percent better than 

■ the control group. ; . ' ■ " ■ ^ : ' 'V^- ' ^z- 

it has oeen found that a Hysol 4G22 overcoat 
without an interplanar material between the JC and 
substrate resulted in the greatest solder mound 

30 fatigue life. It has been found that a thickness of ■ 
less than about 635 um (25 mils) of Hysol 4322 is 
preferred to minimize potential for thermally in- 
duced stress. 

as' ■ ' 

:GIdimsvv ' 

1. A structure comprising: 
an electronic device having a back face (14) arid an 
40 active face (16). there being I/O terminals (8) on at 
least said active face; 

a substrate (12) having a surface with contact pads 
(26) thereon; 

said substrate and said device being mounted to- 
45 gether with said active face of said device facing 
said substrate surface with contact pads thereon; 
at least one solder mound (28) electrically joining 
at least one I/O on said active face of said device 
to at least one pad on said substrate; 
50 a means for Improving the fatigue life of said at 
least one solder mound, said means being an 
overcoat polymeric materia (44> at least sealing 
the space between said device and said substi^ate 
at the periphery of said device. 
55 2. The structure of claim 1. wherein said bver- 
ccat polymeric mata*'i«ii ii substantially void^free 
and formed from a substantially solvent-free liquid 
polymer. 




said overc^^l3<^^ 

said back face of said davica and at least a part of 
the surface of said substrate, facing said device, 
beyond the periphery of said device, 5 

4. The structure of one of the preceding 

claims, wherein said overcoat polymeric material 
adheres to said device and said substrate, has a 
TCE sufficiently matched to said device and sub- 
strate to avoid cracking of said overcoat material to 
from thermal cycling of said structure, and has 
sufficiently high flexural strength to avoid cracking 
frcm any residual TCE mismatch between said 
substrate, said device and said overcoat polymeric 

material. 

5. The structure of one of the preceding 
claims, wnerein said polymeric material has thick- 
ness greater than about the separation of said 

device and substrate at the periphery of said de- 
vice. 

6. The staicture of one of the preceding claims 
2 to 5. wherein said polymeric materiar is an ep- 
oxy, 

7. The Structure of one of the preceding claims 
2 to 6. wherein said polymeric material is selected 25 
from the group consisting cf HyscI FP4322. Hysci 
C8N 43S-21 . Hysol fP 4401 and Furane 7704^5. 

8. The structure of one of the preceding claims 
further including an interpianar polymenc material 
substantially filling the space (41) between said 30 
device (4) and said substrate (12). 

9. The staiCture of claim 8. wherein said inter* 
planar material is substantially >oid-fr0e and 
formed from a substantially solvent-free liquid poly- 
mer which flows into the space between said de- 3S 
vice and said substrate. 

10. The structure of claim 9. wherein said 
group consisting of a cycioaliphatic epoxide for- 
mulation/ a silicone and an unfilled flexibillzed ep* 
oxy. 
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© Electronic device packaging structures wherein 
the active face (6) of an electronic device (4) is 
mounted facing a substrate (12). environmental iso- 
lation is provided by an overcoat polymeric materiaU 
(44) at least sealing the space (41) between the 
device and substrate at the periphery of the device. 



Enhanced environmental isolation is provided by a 
polymeric materiai disposed to substantially fill the 
space (41) between the device and substrate. The 
overcoat polymeric materiai provides enhanced fa- 
tigue life to soider mounds disposed between and 
electrically interconnecting the device and substrate. 
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